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1

This invention relates to improvements in fluid
operated lifting devices and has as its principal
objects to provide a new and improved control
mechanism of a novel and simplified form, ar-
ranged to effect uniform lifting and lowering
movement of a supporting member by means of
a plurality of fluid operated motors, and to main-
tain said supporting member level regardless of
the leakage of fluid from any one or more of

said motors or the uneven distribution of the load -

on said supporting member.

In carrying out my invention I provide a plu-
rality of fluid operated motors or jacks for lift-
ing or lowering a supporting member, or for hold-
ing said supporting member substantially level
in any of its desired positions of elevation, and
provide a wvalve for supplying fluid uunder pres-
sure to one motor and a variable pressure valve
operated by said one motor. T also provide a

variable pressure valve operated by each of the 2

other motors. I further arrange said variable
pressure valves to give the same pressures when
said motors are holding said supporting mem-
ber in a desired position of elevation and to es-
tablish a differential in pressure when one of said
motors moves relatively to the other. T also pro-
vide a separate shuttle valve connected between
said one variable pressure valve and each of said
other variable pressure valves and operated by
the differential in pressure established by said one
variable pressure valve and said other variable
pressure valves, with which said shuttle valves
are associated, and connect said shuttle valve to
supply fluid to or fo release fluid from an asso-

ciated motor when a differential in pressure has 3

been established by said variable pressure valves,
and to hold fluid in an associated motor when
the pressures given by said variable pressure
valves are the same, so said motors will. move to-
gether and maintain said supporting member
substantially level, regardless of an uneven load
distribution .on said supporting member or the
leakage of fluid from any one or more of said
niotors.

These and other objects of my invention will -

appear from time to time as the following speci-
fication proceeds and with reference to the ac-
companying drawings wherein:

Figure 1 is a view in side elevation with cer-

tain parts in section, diagrammatically illustrat- :

ing one form in which my invention may be em-
hodied;

Figure 2 is a view somewhat similar to Figure
1, but showing the platform in an elevated po-
sition;
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Figure 3 is.an enlarged detail fragmentary dia-
grammatic view showing in section one of the
control valves for controliing operation of one of
the motors; and

Figure 4 is a diagrammatic plan view of the
lifting means shown in Figures 1 and 2, with cer-
tain parts thereof shown in horizontal section.

In the embodiment of my invention illustrated
in: the drawings, a plurality of fluid operated
motors I8, 19 ars shown as supporting and as be-
ing operable to raise and lower a supporting
member 11 which may be the end of a trans-
versely pivoted conveyor, but which for the pur-
pose of simplicity is herein shown as being a
piatform.. Each of said motors is herein shown
as consisting of a single acting cylinder {2 hav-
ing a piston 13 extensible therefrom and having
said platform resting thereon.

A pressure line {4 connected with a pump or

accurnulator (not shown) of a fluid pressure sys-

tem, is provided to supply fluid under pressure to
said system. Said pressure line is- connected
with a three-way valve 15 which may be of any
well known form, for controlling the admission
of fluid to and the release of fluid from one cyl-
inder 12, which will herein be referred to as the
right-hand cylinder although it may be any one
of said cylinders.. A pressure line {6 connects
said valve with the head ‘end of said right-hand
cylinder. Fluid is released from said right-hand
cylinder through said three-way valve and a re-
turn line {1, connected from said valve to a suit-
able fluid storage tank (not shown).

The pressure line 14 is also conhected with a
variakle pressure valve (8, operated by vertical
movement of the right-hand piston {3 within its
cylinder, and with a valve chamber {9 of a shut-
tle valve 28, by means of a pressure line 21, A
pressure passageway 22 in a block 23 for said
shuttie valve; connects said pressure line 2{ with
a variabie pressure valve 24, herein shown as be-
ing mounted in said valve block 23 and as being
operated by vertical movement of the left-hand
piston {3, for supplying fluid under pressure to
sald variable pressure valve.

A pressure line 2% connects the variable pres-
sure valve 18 to the left-hand end of the valve
chamber {9, for supplying fluid under pressure
thereto, to urge a piston 28 of said shuttle valve
to move to the right. A passageway 27 in the
yalve block 23 connects the variable pressure
valve 24 with the right~-hand end of the valve
chamber {9, and supplies fluid under pressure
thereto, to urge said valve piston {o move fo
the left. A pressure line 29 leads from the valve
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chamber {9, infermediate its ends, to the head
end of the left-hand cylinder {2, for supplying
fluid under pressure thereto to extend its piston
t3 therefrom. A return line 30 connects the
left-hand portion of the valve chamber {9 with
the return line {7 for returning fluid from the
left-hand cylinder {2, during the lowering opera-
tion and for returning fluid from the variable
pressure valve 24,

Where the supporting member being lifted con-
sists of a transversely pivoted conveyor, it is
only necessary to use two motors to lift it, bub
where more than two motors are used to lLft
the supporting member, as in Figure 4, a pressure
line 8! with branch lines extending therefrom
may connect the pressure line 21 to other shut-
tle valves 28, 28, and to other variable pressure
valves 24, 24; a pressure line 32 may connect
the pressure line 25 to other shuttle valves 28,
28; and a return line 33 may connect the re-
turn from said shuttie valves to the return line
30. While any number of motors 18, 18 may be
used to lift the supporting member {!, and may
be operated in accordance with my invention
from a variable pressure valve like the variable
pressure valve {8, for the sake of simplicity, the
circuit and operation of two of said motors only
will herein be shown and described in detail.

The variable pressure control valve 24 may be
a well known form of brake valve commoniy
used to operate hydraulic apparatus, such as
the brakes of a vehicle, and includes a valve piston
34 movable in a valve chamber 35 formed in the
valve block 23 (see Figure 3). A spring 2§ ex-
tends within a hollow inside portion of said valve
piston and tends to move said valve piston to
the left infto a closed position. Said valve piston
is drilled from its right-hand end, and the drilled
portion thereof communicates with a cross drilled
portion adjacent the left-hand end of said piston,
adapted to release fluid from the pressure pas-
sageway 27 and the right-hand end of the valve

- chambper {8 into a chamber 37. Said valve pis-
~ton is also cross drilled adjacent its right-hand
-end and a cross drilled portion thereof extends
through the left~hand portion of a land 39 of
said valve piston, at the right-hand end of said
piston, to permit fluid to pass from the pres-
sure passageway 22 and the valve chamber 25
through the hollow inside of said valve piston
- to the pressure passageway 27, for supplying fluid
under pressure to the right-hand end of the
valve chamber 19, to urge the valve piston 26
to move to the left to a position to hold fiuid un-
der pressure in the pressure line 29 and the_cyl-
inder {2 connected thereto. A spring seat 41 is
mounted on the left-hand end of the valve pis-
ton 84 and forms a seat for an onerating spring
43 mounted in the chamber 37. The end of said
snring opposite from said seat extends along
the inner end of a valve rod 84 and abuts a collayr
or flance 43 secured to said rod, and tends to
move said rod to the left. Said valve rod is
slidably mounted in the left-hand end of the
valve block 23 and extends outwardly therefrom.
The outer end of said valve rod iz adarted to he
engaged by the end of a horizontal rack 46 mov-
able towards and away from said valve 24, Said
rack is suitablv guided in a horizontal guide 47
spaced outwardly from and secured to an outer
wall of the cvlinder {2 (see Figure 4). Said rack
is meshed with a pinion 49 on one end of a
transverse shaft 59, iournaled in a bracket 5
formed infegrally with said cylinder. A spur
gear 52 is mounted on the opposite end of said
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shaft from the pinion 4% and meshes with a rack
53, secured to the piston 13, for vertical move-
ment therewith.

As the piston {28 moves upwardly, the rack
243 will be moved inwardly towards the valve
klock 22 at a reduced speed. This will move
the valve rod 44 in the same diréction and dis-
place the spring 43 to the right and move the
valve piston 34 in a direction to permit fluid to
pass from the pressure passageway 22 to the
pressure passageway 27 and exert pressure
against the right-hand end of the valve piston
26 at a pressure substantially equal to the force
exerted by said spring. As said piston {2 moves
downwardly within said cylinder (2, said rack
45 will move away from said valve block and
said spring 43 will be displaced to the left to
reduce the pressure against the right-hand end
of said valve piston 28.

The variabls pressure control valve 8 is simi-
lar to the variable pressure control valve 24 so
need not herein be shown or described in detail
Said variable pressure conirol valve includes a
valve piston B8 like the valve piston 24 of the
valve 24, An operating spring 5§ is mounted in
a chamber §7, formed in a block 5¢ {for said valve,
and is operatively connected with the right-hand
end of said valve piston 55, to tend to move said
valve piston to the left upon disp’acement of said
spring along said valve block to the left. The
end of said spring opposite from said piston ex-
tends along a valve rod 63 and abuts a collar 61
on said valve rod. Said valve rod is slidably
mounted in the right-hand end of said valve
klock 'and its outer end abuts the inner end of
a rack @2, slidably guided in the right-hand cyl-
inder {2. A vertical rack 623 operatively con-
nected with the right-hand piston {2 for verti-
cal movement therewith, is provided to rectiline-
arly move said rack §2, through reduction gear-
ing 64. As the piston {3 moves upwardly with
respect to the eylinder 12, the rack 82 will move
towards the valve {8 and the spring 56 will be
displaced to the left, to open the variable pres-
sure valve 8. When said valve is open, fluid
under pressure will pass through the pipe 25 to
the left-hand end of the valve piston 2§ of the
shuttle valve 28, at pressures corresponding to
the displacement of said spring, to tend to move
said valve piston 28 to the right into the posi-
tion shown in Figure 1.

In operation of the device, the three-way valve
{6 is first turned to the on position shown in
Figure 1, to admit fluid under pressure to the
head end of the right-hand cylinder {2 to initial-
ly extend its piston {3 therefrom. As said piston
starts its extensible movement, the operating
spring 58 of the variable pressure valve 18 will
be displaced to the left. This will supply fluid
under pressure to the left-hand end of the valve
piston 28 of the shuttle valve 28 through the
pressure line 25. At this instant the operating
spring 43 of the variable pressure valve 24 will
be free and no pressure will be exerted on the
right-hand end of said valve piston 2§. BSaid
valve piston 28 will then move to the right to
the position shown in Figure 1, to admit fluid
under pressure to the head end of the left-hand
cylinder 12 and ecause its associated piston 13
to move vertically with said right-hand piston.
As soon as said left-hand piston starts its ex-
tensible movement, the operating spring 42 will
be displaced to the right, to open thes variable
pressure valve 24, to supply fluid under pressure
to the right-hand end of said valve piston 26.
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Since the variable pressure valve 24 comes into
operation shortly after operation of the variable
pressure valve 8, the pressure exerted on the
left-hand end of the valve piston 26 will be great~
er than that exerted on its right-hand end, and
said valve piston will remain in the position
shown in Figure 1. 'The pistons {3, 13 will then
move vertically together.

If the left-hand piston {2 should move ahead
of the right-hand piston, due to inegualities of
the load or leakage past the right-hand piston,
the spring 43 will be displaced a greater amount
than the spring 58. This will increase the pres-
sure exerted on the right-hand end of the valve

iston 28 over the pressure exerted on the left-
hand end of said valve piston, and move said
valve piston to the left into position to cut off
the flow of fluid under pressure from the pres-
sure line 21 until the right-hand piston again
catches up with the left-hand piston.

When the right-hand piston {3 has reached
its upper limit of travel, the spring %6 will be
displaced its maximum regulated amount and
the regiulated pressure permitied to act on the
shuttle valve piston 2§ will be at the maximum
pressure the spring §8 has been set for. This
pressure will cause the shuttle valve niston 28
to move to the right, as shown in Figure 1, and
pressurized fluid will pass from the accumulator

through line 2{ to the throttling opening (9, ;

around the central portion of shuttle valve pis-
ton 28, and thence into line 29 to raise the leit-
hand piston 18. When the lefi-hand piston i3
is raised, the variable pressure valve 24 will be

opened 1o aliow the pressurized fluid in passage- :

way 22 to pass through passageway 27 to the
left end of the shutile valve piston 28. At the
instant both pistons {3, 13 are at the upper limits
of their travel, the two springs 43 and 5§ will ke

displaced substantially equal amounts and con- .

seguently the pressures on hoth ends of the shut-~
tle valve piston 2§ will be substantially equal
The equality of the pressurss developed by the
variakle pressure valves 24 and {8 would nor-
mally tend to held the shuttle valve piston 28 in
whichever position it happened to be in at the
time these equal pressures were applied if it were
not for the leakage effect around that piston. It
can readily be seen that when the piston 2§ is
disposed to. the extreme right in charaber {3,
as seen in Figure 1, and the pressures on the
ends of the piston 28 are equal, that the pressur-
ized fluid at the left-hand end having a shorter
distance to travel to the refurn line 38, will dissi-
pate itself by seeping into the return line 3%
quicker than the fluid on the right-hand end
of the piston 26, with a resultant unbalansing
of the formerly equal pressures. This, of course,
will cause the piston 26 to move to the left to-
ward the mid-position shown in Figure 2 until
the end pressures on piston 2§ are again equal.
In this connection it should be noted that g very
simall differential in the pressures exerted on the
ends of piston 28 will cause movement thereof
toward the lower pressure.

The movement toward the left will be halted
when the left-hand pressure has bled down suf-
ficientily to allow the regulating spring 5% to again
crack the variable pressure valve {8 to allow a
rew supply of pressurized fluid to enter from the
line 21 into line 25 and thenece to the left-hand
end of piston 28 to again move the piston 2§ to
the right. Likewise, a sufficient decrease in pras-
sure on the right-hand end of the piston 28 wili
cause the spring 43 to.crack valve 24 to bleed in:
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a new supply ‘of pressurized fluid to the right-
hand end of the shuttle piston. Thus it will be
seen that due to leakage and new supplies of
pressurized fuid the piston 26 will tend to as-
sume the mid-position of travel shown in Pigure
2, to hiold the fluid supplied to the left-hand pis=
ton 13 under pressure whenever the pistons 13, (3
are ab their upper limits of travel or at any other
intermediste level with one another whereby
the regulating springs 42 and 56 are displaced
equal amounts. If fluid should leak past the valve
piston 26 to the return line 38, permitting the
left-hand piston i3 to start to move downwardly,
the spring &3 will be displaced to the left and the
valve piston 28 will be moved to the right to sup-
ply fluid to elevate said piston until the pres-
sure on opposite sides of said piston is again the
same. ‘

Upon movement of the valve 15 into position
to release fluid from the right-hand cylinder {2,
the right-hand piston {3 will move downwardly
a slight amount, displacing the spring 56 to the
right. This will decrease the pressure on the
left-hand end of the valve piston 26, while the
pressure on the right-hand end of said piston
will initially remain the same as formerly. Said
valve piston will then be moved by pressure ex-~
erted on its right-hand end into an extreme po-
sition to the left, to release fluid from the left-
hand cylinder {2 through the return line 38.

While T have herein shown and described one
form in which my invention may be embodied, it
will'be understood that the construction thereof
and the arrangement of the various parts may be
altered without departing from the spirit and
scope therzof. Furthermore, I do not wish to be
construed as limiting ‘my invention to the spe-
cific embodiment illustrated, excepting as it may
be limited in the appended claims.

I claim as my invention:

1. In a multiple lift device, a plurality of fluid
operated lifting jacks adapted to support a load
in various desired positions of vertical adjust-
ment, valve means for controlling operation of

5 said jacks and causing them to maintain said

load at a desired level including a plurality of
variable pressure valves operated by said jacks
upon vertical movement thereof and so con-
structed and arranged as to give substantially
the same pressures when said jacks are holding
said support level in a desired position of verti-
cal adjustment, and to establish a differential
in pressure when one of said jacks moves rela-
tively to the other, and a third valve connected

‘with a source of fluid supply and a return, and

a'so connected with one of said jacks, for hold-
ing fluid under pressure therein or for supplying
fluid thereto or releasing fluid therefrom, said
third valve being connected with and operated hy
the differential in pressure established by said
variable pressure valves to supply fluid to hold
fluid in or to release fluid from an associated
jack.

2. In a fiuid operated lifting device, load sup-
porting means comprising a plurality of fiuid
operated lifting jacks, means for controlling
operation of said jacks and causing them to
maintain level support including a fluid pressure
line, a valve for conirolling the admission of Auid
under pressure from said pressure line to one of
said jacks, separate valve means individually as-
sociated with each of said jacks, each such valve
means being operatively responsive to a predeter-

.mined vertical movement of its associated jack,

and a shuttle valve operated by said valve means
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for supplying fluid to or releasing fluid from or
holding fluid in the other of said jacks, depend-
ing upon the rate of movement of said other jack
with respect to said first jack.

3. In a fluid operated lifting device, load sup-
porting means coraprising a plurality of fluid
operated lifting jacks, means for controlling
operation of said jacks and causing them 1o
maintain said supporting level and to move said
support in a plurality of substantially horizontal
planes including a fluid pressure line, a valve for
controlling the admission of fluid under pressure
from said pressure line to one of said jacks, in-
dividual variable pressure valve means asscci-
ated with each of said jacks and operatively re-
sponsive to a predetermined vertical movement
of each of said jacks and adapted to establish a
differential in pressure when said jacks move
with respect to each other, and a shuttle valve
operated by the differential in pressure estab-
lished by said variable pressure valves for sup-
plying fluid to or releasing fluid from the other
of said motors depending upon movement of said
other motor with respect to said first motor.

4. In a fluid operated lifting device, load sup-
porting means comprising a plurality of fluid
operated lifting jacks, means for controlling
operation of said jacks and causing them tc
maintain level support and to move said sup-
ported load vertically through a succession of
substantially horizontal vlanes including a fluid
pressure line, a valve for controliing the admis-
sion of fluid under pressure from said pressure
line to one of said jacks, valve means resnen-
sively operable by a predetermined and regu-
lated vertical movement of said one jack, a flnid
connection from said pressure line for supplying
fluid under pressure to said valve means, cther
like valve means operated at a predetermined
amount of vertical movement of another of said
jacks, a fluid connection from said pressure line
to said other valve means, and a shuttle valve
for supplying fluid under pressure to said other
jack, said shuttle valve being moved by pressure
supplied by said first valve means to a position
to supply fuid under pressure to said other jack,
and being moved by pressure supplied by said
other valve means to release fluid under pressure
from said other jack and being moved o 2 posi-
tion to hold pressure in said other jack when
the pressure given by said first and second valive
means is the same.

5. In a fluid operated lifting device, load sup-
porting means comprising a plurality of Auid
operated lifting jacks, means for controlling
operation of said jacks and causing them to
maintain level support and to move said sup-
ported load through substantially horizental
planes including a fluid pressure line, a valve for
controlling the admission of fluid under pressure
from said pressure line to one of said jacks,
valve means responsively operable by a prede-
termined and regulated vertical movement of
said one jack, a fluid connection from said pres-
sure line for supplying fluid under pressure to
said valve means, other like valve means respon-
sively operated by a predetermined vertical
movement of another of said jacks, a fluid con~
nection from said pressure line to said other
valve means, a shuttle valve, a fluid connection
from said pressure line to said shuttle valve for
supplying fluid under pressure thereto, a fluid
connection from said shuttle valve to said other
jack for supplying fluid under pressure thereto,
and fluid pressure connections from . said valve
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means to opposite ends of said shuttle valve, for
moving said shuttle valve info positions to sup-
ply fluid to or to release fluid from the other of
said jacks when one jack is moving relatively
to the other, and to hold pressure in said other
jack when it is desired to hold said support in a
desired position of vertical adjustment.

6. In a fluid operated lifting device, load sup-
porting means comprising a plurglity of fluid
operated lifting jacks, means for controlling op-
eration of said jacks and causing them to main-
tain level support and to move said support
through successive substantially horizontal planes
including a fluid pressure line, a valve for con-
trolling the admission of fluid under pressure from
said pressure line to one of said jacks, variable
pressure valve means responsively operated by a
predetermined vertical movement of said one
motor, other like variable pressure valve means
operated by vertical movement of another of said
jacks, fluid connections from said pressure line to
said variable pressure valve means, for supplying
fluid under pressure thereto, said variable pres-
sure valve means being adapted to estahlish a dif-
ferential in pressure when said jacks move rela-
tively with respect to each other, a shuttle valve
operated by the differential in pressure estab-
lished by said variable pressure valve means for
supplying fluid under pressure to or for releasing
fuid under pressure from said other jack, de-
ndent upon the vertical position of said other
with respect to said first jack.

7. In g fluid operated lifting device, load sup-
perting means comprising a plurality of fluid
operated lifting jacks, means for controlling op-
eration of said jacks and causing them to main-
tain level support and to move said supported
load through substantially herizontal planes in-
cluding a fluid pressure line, a valve for control-
ling the admission of fluid under pressure from
said pressure line to one of said jacks, variable
pressure valve meahs responsively operable by o
predetermined and regulated vertical movemen?
of said one motor, other variable pressure valve
means responsively operated by vertical move-
ment of another of said jacks, fluid connections
from said pressure line to said variable pressure
valve means for supplying fluid under pressure
thereto, said variakle pressure valve means bein<
adapted to establish g differential in pressure
when said jacks move relatively with respect to
each other, a shuttle valve, a fluid pressure con-
nection from said pressure line to said shuttle
valve for supplying fAuid under pressure therefo,
a fuid pressure connection from said shuttle
valve fo said other jack for supplying fluid under
pressure thereto, a return connection from said
shuttle valve for releasing fluid under pressuz-
from said other jack, and fluid connections from
said variable pressure valve means to opposite
ends of said shuttle valve, to operate said shuttle
valve by the differential in pressure established
thereby, to supply fluid to, release filuid from, or
hold fluid in said other jack dependent upon the
vertical position of said second jack with respect
to said first jack.

8. In a fluid operated lifting device for raising
and lowering a load through successive horizontal
levels, g plurality of fluid operated lifting jacks
each including a fiuid heolding cylinder and a lift-
ting piston, a pressure line for supplying pres-
surized fluid, a control valve for controlling the
admission of fluid from said line to one of said
jacks, a variable pressure control valve for dif-
ferentiating the pressures supplied by said supply



linie, méans foi responsively 8iéFating said vari-
able pressufé control valve by vertical movement
of said oné jack; other variable pressure control
valve méafis a§sbciéfe With 41d responsive to the
verticdl movement 6f said other jacks, a shuttle
valve associated with each of said other variable
pressure valve means and fluid pressure connec-
tions from said line to said other variable pressure
and shuttle valves.

9. In a fluid operated lifting device for raising
and lowering a load through successive horizontal
levels, a plurality of fluid operated lifting jacks
each including a fluid holding cylinder and =z
lifting piston, a pressure line for supplying pres-
surized fluid from a supply source, a control valve
for controlling the passage of pressurized fluid
from said line to and from one of said jacks, &
variable pressure control valve for differentiating
the pressures supplied by said supply. line;: and

rack and pinion means for responsively operating .

sald variable pressure control valve by vertical
movement of said one jack whereby an incre-
hental vertical movement of said jack will cause
a responsively predetermined incremental move-

ment of said variable pressure control valve to .

thereby develop said differential pressures.

10. In a fluid operated lifting devige for raising
and lowering a load through successive horizontal
]evels, a plurality of fluid operated lifting. jacks

each including a fluid holding cylinder and a

hftmg piston, a pressure line for supplying pres-
sunzed fluid from a supply source, a control valve
for controlling the passage of pressurized fuid

iu

io

from shid line to and from ofie of said jacks, &
varifible pressure control valve for differentiating
the pressures :supplied by said supply line, rack
and pinion means for responsively operatmg said
variable pressure ‘control valve by vertlcal move-
ment of said’one jack whereby an mcremental
vertical movement of said jack will cause a re-
sponsively predetermined incremental movement
of said variable pressure control valve to thereby
develop said differential pressures, like additional
variable pressure control valve means associated
with and similarly responsive to the vertical
movement of §aid other jacks, a shuttle valve as-
sociated with each of said other variable pressure
valves and operatwely responsive to said differ-
ential pressures.developed by said varlable pres-
sure valves; for emitting, dlschargmg, or holding
pressurized fluid in said other jacks, ‘and all of
said valves and jacks being co-activély connected
by sultable fluid pressure connections.
WILLIAM W. SLOANE.
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